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tests for heritable translocations, and tests for chromosome aberrations.
These mammalian mutagenesis bioassays offer promise as prescreening tools
since they seem to provide both qualitative as well as quantitative data,
but they are more expensive to perform and require more time than the
other assays.  The in vitro transformation systems are potentially useful
for screening carcinogens, but they are also expensive and time-consuming.
Moreover, the reliability of early markers of oncogenic transformation is
unknown.  If the in vitro transformation tests have to be carried out to
the point of injecting presumably transformed cells into a syngeneic ani-
mal to determine if the cells develop into a tumor, then the expense and
time involved are the same or possibly greater than required for some in
vivo carcinogenic!ty test systems.
In general, short-term tests have a number of drawbacks:
 •	Carcinogens or modifiers of carcinogenesis may operate by mecha-
nisms not involving DNA damage and repair.  Thus, some agents, e.g.,
tumor promoters, which are particularly relevant when one considers diet,
are not likely to be detected by these tests.
 •	The effects of absorption, transport, activation, detoxification,
and excretion are not taken into account.
 •	Quantitative risk assessment cannot be made easily.
 •	Despite positive results for mutagenicity in a battery of such
tests, many scientists do not accept such evidence alone as an indica-
tion of carcinogenicity. Long-term bioassays in whole animals are still
necessary to make this determination (International Agency for Research
on Cancer, 1980).
Long~*Term Bioassays
These tests, which are conducted in animals, have been the most
widely accepted methods for determining the carcinogenic effect of
substances.  In the absence of data on humans, all substances demon-*
strated to be carcinogenic in animals are regarded as potential car-
cinogens for humans, and the empirical evidence overwhelmingly supports
this hypothesis.
The standard procedure in long-term bioassays is to feed substances
at levels that are just below the maximum tolerated dose for a major
portion of the lifespan of the animal (usually rodents, which have a
life span of 2 to 3 years). The rationale for feeding very high doses of
a substance in chronic bioassays is that the number of animals that de^
velop cancer increases as the dose of the test substance is increased.
To conduct a valid experiment at high dpses, only a small number of ani-
mals (a few hundred) is required./:;An'Important variable that determines
the outcome in these-test^;:is;t;l^	'th^ greater

